A new briarane-type diterpenoid, named 2-acetoxyverecynarmin C, was isolated from the methanolic extract of an octocoral, Pennatula aculeata, that exhibited cyclooxygenase (COX) inhibitory activity. The structure of the compound was elucidated by ESI-HRMS, 1D and 2D NMR spectroscopy and comparison of the measured spectral data with those reported in the literature. The relative stereochemistry at chiral carbons was established from 2D NOESY experiments. 2-Acetoxyverecynarmin C is a tricyclic compound containing a furan ring at C-7,8 of a briarane skeleton. 2-Acetoxyverecynarmin C showed moderate inhibitory activity in in vitro COX-1 and COX-2 assays.
Diterpenes, especially those with briarane and cembrane skeletons, are found abundantly in gorgonians and soft corals [1] [2] [3] . Briarane diterpenoids have been reported to have cytotoxic [4] [5] [6] , antiinflammatory [7] , antiviral [8] , insecticidal [9] and immunomodulatory activities [10] . Brialalepolide B and C have been found to reduce the expression of COX-2 in Caco-2 and RAW 264.7 cells [11] . There have been a few reports on the isolation of briarane diterpenoids from sea pens of the genera Veretillum and Pteroeides [12] . The sea pen Pennatula aculeata is an octocoral belonging to the family Pennatulidae. The two reports on P. aculeata are on its distribution and occurrence in deep seas. Pennatula sea pens inhabit deep ocean waters [13] [14] and this is perhaps one of the reasons why reports on chemical investigations of this genus are scarce. As a part of our ongoing search [15] [16] for bioactive compounds from marine organisms, we observed cyclooxygenase inhibitory activity in a methanolic extract obtained from P. aculeata. We report here the isolation and structure elucidation of a new briarane diterpenoid, named 2-acetoxyverecynarmin C, and its COX-1/COX-2 inhibitory activity. 1 and 202.4 ). This information, coupled with 13 C and DEPT-135, indicated the presence of four double bonds and two carbonyls in the structure, which suggested 1 to be a tricyclic compound ( Figure 1 ). The 1 H NMR spectrum showed five methyl signals, four of which appeared as singlets, suggesting their attachment to a quaternary carbon. The fifth methyl signal, H 3 -19, attached to quaternary carbon C-17, appeared as a doublet due to long range coupling with H-18 [17] . The NMR data also showed the presence of four olefinic protons that included two mutually coupled protons at  6.51 and 5.89 (J=10 Hz each), a doublet at  7.14 (J=1.0 Hz) and a broad singlet at  5.99. Besides, well separated signals were seen for three methylene groups possessing non-equivalent protons. Interestingly, one of the methylene protons (H b -6) appeared as a doublet of triplets due to homoallylic coupling with H 2 -9. Similar couplings for H-6 have been reported earlier for verecynarmins [17] . A small coupling constant of 1.0 Hz for CH 3 -19 and H-18 suggested allylic coupling between these, as in the case of other -methyl substituted furans [17] . The 13 C NMR spectrum of 1 showed signals due to a keto group, an acetoxy group, and eight signals for olefinic carbons, together with twelve aliphatic carbons. The presence of deshielded carbon signals at δ C 69.7 and 77.3 ppm was indicative of the attachment of an oxygen atom at these positions.
The planar structure of 1 was elucidated using detailed analyses of the correlations observed in the 1 H-1 H COSY, HSQC, and HMBC spectra. The 1 H-1 H COSY spectrum presented correlations between proton signals resonating at δ 6.51/5.89 (H-12/H-13) and at 3.37/3.00 (H-9/H-10) and 2.52 adjacent location, respectively. The HMBC spectrum depicted correlations for five methyl groups that helped in establishing the planar structure ( Figure 2 ). A methyl signal at δ 2.04 (H 3 -19) was correlated with C-8, C-17 and C-18. Olefinic proton H-18 showed cross peaks with C-7, C-8, C-17 and C-19. The methylene proton at  3.37 (H b -9) showed cross peaks with C-7, C-8, and C17 of the furan ring and C-1, C-10 and C-11 of the cyclohexenone ring. Another proton at δ 3.0 (H-10) presented correlations with C-1, C-9, C-8 and C-11. Similarly, correlations were observed for the methyl signal at δ 1.23 (H 3 -15) with C-1, C-2, C-10 and C-14. A methyl signal resonating at δ 0.98 (H 3 -20) was correlated to C-10, C-11 and C-12. A similar upfield shift has been reported for this methyl group in the case of verecynarmins [17] [18] [19] . The other two methyl signals, one resonating at δ 2.1 (H 3 -22), showed HMBC correlations with C-21 and C-2 indicating the location of the acetoxy group and another at δ 1.79 (H 3 -16) was correlated with C-4, C-5 and C-6. The proton signal at δ 5.93 (H-2) presented HMBC correlations with C-14 and C-21.The doublet proton resonating at δ 6.51 (H-12) showed HMBC correlation with C-10, C-11, C-14 and C-20 and the proton at 5.89 with C-1 and C-11. All the data discussed above led to the planar structure of 2-acetoxyverecynarmin C, as shown for 1.
Most of the briarane diterpenoids isolated from various corals possess a five membered lactone ring at the 7,8-position of the briarane skeleton. However, only a few compounds, such as those isolated from Veretillum cynomorium e.g. verecynarmins [17] [18] [19] , are known to possess a furan ring at this position.
The relative configuration at various chiral centers was determined using 2D NOESY spectra. The methyl protons (H 3 -15) showed cross peaks with H-2 and H b -9 (δ 3.37) indicating a cis configuration for these three protons. The methyl protons H 3 -20 showed cross peaks with H-10, based on which the methyl group (C-20) and H-10 and Ha-9 were assigned an α orientation. No correlation could be observed between these two sets of protons indicating the relative configurations for these protons as shown. Analysis of all these spectral data and comparison with the literature [17] [18] [19] gave the structure of this briarane diterpenoid as shown in 1 and a search on SciFinder database retrieved no results for compound 1. The compound showed moderate COX-1 and COX-2 inhibitory activity with IC 50 values of 44.3 and 47.3 µM respectively.
Experimental
General: All the solvents used for extraction were of analytical grade. All chromatographic purifications were performed with silica gel #60-120, #100-200, #230-400 and silica gel G (CDH India Ltd.). TLC analyses were performed on Kieselgel 60 F254, 0.2 mm thick plates (Merck). HPLC grade methanol (JT Baker), acetonitrile (Aldrich Co.) and ultra pure water (Elga®) were used for sample preparation and for HPLC mobile phases. Extracts were concentrated using a vacuum rotary evaporator (Buchi R-114, Switzerland). 1 H and 13 C NMR spectra were recorded on 400 MHz (Bruker) and 100 MHz (Bruker) spectrometers, respectively. The HPLC analysis was carried out on a Luna (Phenomenex) C18 column (250 × 4.6 mm) connected to a Shimadzu HPLC system (LC-10AT VP) fitted with a SIL-20AC autosampler and a SPD-M10A VP photodiode array detector. Class VP software (Shimadzu) was used both for data collection and integration. Compounds were isolated using a Princeton SPHER-C18 column (250 × 10 mm).
Biological material:
A sample of Pennatula aculeata (1000 g) was collected from a depth of 18 m from Dinawan Island in Sabah, Malaysia by Scuba Diving on 18 th March 2012. A voucher specimen (BORH120834, Pennatula sp. Dinawan, Sabah) was deposited at the BORNEENSIS collection at the Institute for Tropical Biology and Conservation, Universiti Malaysia Sabah.
Extraction and isolation:
A total of 1000 g of fresh Pennatula aculeata was homogenized and extracted in 2 L of methanol for 7 days. Concentration of the methanolic solution gave 1.85 g of crude 
COX-1/COX-2 inhibitory activity:
The effect of compound 1 on COX-1 and COX-2 was evaluated using a COX (ovine) inhibitor screening assay Enzyme Immuno Assay kit, according to the manufacturer's instructions. Briefly, the compound was dissolved in dimethylsulfoxide (DMSO). COX-1 and COX-2 (10 μL), heme (10 μL) and compounds (20 μL) were added to the supplied reaction buffer solution (950 μL, 0.1 M Tris-HCl, pH 8 containing 5 mM ethylenediamine tetraacetate and 2 mM phenol). The mixture of these solutions was incubated for a 10 min at 37ºC, and then COX reactions were initiated by adding arachidonic acid (10 μL, making a final concentration of 100 μM) solution. The COX reactions were quenched by addition of HCl (1 M, 50 μL) after 2 min and then saturated stannous chloride (100 μL) was added and again incubated for 5 min at room temperature. The PGF2α formed by COX reactions was quantified by EIA. The pre-coated 96-well plate containing compounds was incubated for 18 h at room temperature. After incubation, the plate was washed to remove any unbound reagent and then Ellman's reagent (200 μL), was added, followed by incubation for 60 min (until the absorbance of Bo well is in the range 0.3-1.0 A. U.) at room temperature. The plate was then read by an ELISA plate reader at 410 nm.
Supplementary data: 1 H, 13 C, 1 H-1 H COSY, HSQC, and HMBC spectra, and ESI-HRMS of compound 1 are available.
